Objective-To analyse the long term results of mechanical prostheses for treating active infective endocarditis. Design-Prospective cohort study of a consecutive series of patients diagnosed with infective endocarditis and operated on in the active phase of the infection for insertion of a mechanical prosthesis. Setting-Tertiary referral centre in a metropolitan area. Results-Between 1975 and 1997, 637 cases of infective endocarditis were diagnosed in the centre. Of these, 436 were left sided (with overall mortality of 20.3%). Surgical treatment in the active phase of the infection was needed in 141 patients (72% native, 28% prosthetic infective endocarditis). Mechanical prostheses were used in 131 patients. Operative mortality was 30.5% (40 patients). Ninety one survivors were followed up prospectively for (mean (SD)) 5.4 (4.5) years. Thirteen patients developed prosthetic valve dysfunction. Nine patients suVered reinfection: four of these (4%) were early and five were late. The median time from surgery for late reinfection was 1.4 years. During follow up, 12 patients died. Excluding operative mortality, actuarial survival was 86.6% at five years and 83.7% at 10 years; actuarial survival free from death, reoperation, and reinfection was 73.1% at five years and 59.8% at 10 years. Conclusions-In patients surviving acute infective endocarditis and receiving mechanical prostheses, the rate of early reinfection compares well with reported results of homografts. In addition, prosthesis dysfunction rate is low and long term survival is good. These data should prove useful for comparison with long term studies, when available, using other types of valve surgery in active infective endocarditis. (Heart 2001;86:63-68) Keywords: infective endocarditis; surgery; mechanical prosthesis
The diagnosis and treatment of infective endocarditis has evolved greatly in recent years. Nevertheless, the morbidity and mortality of this disease remains high. [1] [2] [3] [4] Initially, medical treatment with an eVective antibiotic is mandatory. If the disease progresses or heart failure symptoms develop because of valve disruption, surgery should be considered. [5] [6] [7] [8] [9] Thus the surgical treatment must often be performed in the active phase of the infection. The best timing for the operation and the preferred surgical technique are matters of debate. The most controversial points are the optimal device for the valve replacement and the long term results of such surgery.
Our aim in this study was to analyse the long term results of mechanical prostheses for the treatment of active infective endocarditis in our institution during a 22 year period. We report a large prospective series with standardised preoperative management, surgical indications, and long term follow up.
Methods

PATIENTS
All patients diagnosed with infective endocarditis at our institution between 1975 and 1997 were included in the study. The infectious diseases department supervises all blood cultures taken in our institution on a daily basis in the microbiology laboratory, and thus previously undiagnosed cases are detected. The cardiology and infectious diseases departments carry out the patients' management jointly. During the period of study, 637 cases of infective endocarditis were diagnosed. Of those, 436 (68.4%) were left sided, 314 (71.8%) were native infective endocarditis, and 122 (28.2%) were prosthetic infective endocarditis. The overall mortality of left sided infective endocarditis was 20.3%. Surgical treatment in the active phase of the illness was needed in 141 patients (32.3%). A mechanical prosthesis was implanted in 131 patients, and these constitute the study group. The nine patients who received a biological prosthesis and one with a mitral valve repair were excluded from the study.
DEFINITIONS
The diagnosis of infective endocarditis was made according to criteria proposed by Durack and colleagues, 10 and these were retrospectively applied to cases diagnosed before their publication. All patients included in the present analysis fulfilled the criteria of definite infective endocarditis. Culture negative endocarditis was present when no microorganism could be identified on serial blood cultures, in the material extracted from the surgical intervention, or in serological studies.
Infective endocarditis was considered active if the patient required surgery before completion of a standard course of antibiotic treatment, irrespective of whether there were ongoing signs of sepsis or whether the blood cultures, surgical specimens, or both were positive for the infecting organism. Prosthetic valve endocarditis was defined as infection occurring on any type of tissue or mechanical valve device. Early prosthetic valve endocarditis was present if infective endocarditis occurred within a year after surgery. Endocarditis occurring after a year was defined as late prosthetic valve endocarditis.
Emergency surgery was defined as surgery for patients with life threatening conditions that could not be postponed for more than 24 hours, and elective surgery comprised those operations that could be delayed for a few days without risk to the patient. The infection was considered uncontrolled at the time of operation when positive blood cultures were obtained within 48 hours before surgery, or when clinical manifestations of sepsis were apparent at that time. Operative mortality was defined as death occurring within 30 days after surgery or during the same hospital stay.
TREATMENT
Antibiotic treatment was based on the established guidelines of the cardiology and infectious diseases departments at our institution. All patients received antimicrobial treatment according to antimicrobial susceptibility. Culture negative endocarditis was treated with combined broad spectrum antibiotics.
The indications for surgery were based on our established guidelines. The indications for surgery in the active phase of the illness are: x presence of heart failure secondary to valvar regurgitation; x signs suggesting myocardial invasion (atrioventricular block, echocardiographic features of abscesses); x persistence of sepsis after a week of appropriate antibiotic treatment; x infective endocarditis from brucella or fungi; x repetitive emboli; x early prosthetic endocarditis; x late prosthetic endocarditis from Staphylococcus aureus; x prosthetic valve dysfunction.
In all patients, the surgical operation included radical excision of the infected tissue, closure of cavities and fistulae, resection of the infected valve, and its replacement by a mechanical prosthesis.
FOLLOW UP
Three serial blood cultures and an echocardiogram were carried out in all patients after the end of antibiotic treatment, before discharge. Three additional blood cultures were performed after one month. After discharge, the same group of doctors followed all patients, initially every six months and later on annually. Each visit included a physical examination and an echocardiogram. The patients were instructed to present to the hospital immediately if fever or symptoms of heart failure arose.
DATA SAMPLING AND STATISTICAL METHODS
Data regarding hospital admissions and clinical status on follow up were obtained from the hospital records. All surgical registers were reviewed. Occasionally, patients or their relatives were contacted to assess a particular event. Complete follow up was available for 90.1% of the patients. The follow up was partial for the remaining 9.9%, as patients were lost after some follow up visits. Loss occurred in all cases after the first year (mean (SD), 5.5 (3.5) years, range 1.1 to 12.0 years), mainly because of change of address. Some follow up data were thus available in all patients.
STATISTICS
Data are given as mean (SD) or median (range) where appropriate. Bivariate analysis of the differences between groups was done with the 2 or Fisher's exact test for proportional variables and with Student's t test for continuous variables. Multivariate stepwise logistic regression analysis was used to identify independent variables predicting operative mortality and events during follow up. Cumulative survival and event-free periods were estimated by the Kaplan-Meier method. DiVerences in survival at follow up were estimated by use of log-rank tests. The statistical analysis was performed with the SPSS statistical package (SPSS Inc, Chicago, Illinois, USA). The level of significance was set at p < 0.05.
Results
PATIENTS
During the study period, 131 patients were operated on (98 male (74.8%) and 33 female (25.2%)). Their mean (SD) age was 51 (14) years, range 15 to 77. A native infective endocarditis was present in 94 cases (71.8%) and a prosthetic infective endocarditis in 37 (28.2%), 19 of which were early and 18 late infections. Of the cases of prosthetic infective endocarditis, the infection aVected a mechanical prosthesis in 33 cases and a biological prosthesis in four.
General characteristics of the population are presented in table 1 and the results of the  microbiological investigations in table 2. PREOPERATIVE ASSESSMENT AND TREATMENT Preoperative serial blood cultures were positive in 101 cases (77.1%). The diagnosis of infective endocarditis caused by Coxiella burnetii was based on serological studies in four cases. As a result of the microbiological studies performed on surgical specimens, an aetiological diagnosis could be made in 11 patients with negative blood cultures. Thus an infecting microorganism could be established in 109 patients (83.2%).
Forty patients (30.5%) suVered embolic phenomena: 18 (13.7 %) ischaemic strokes, five (3.8%) coronary embolisms, and 14 (10.7%) multiple embolisms. Four patients (3.1%) developed complete atrioventricular block.
Median duration of antibiotic treatment in the whole population before surgery was nine days (range 0-90 days). Indications for surgery in patients with native valve infective endocarditis were: progressive heart failure in 75 (79.8%), repetitive emboli in three (3.2%), virulent microorganism in three (3.2%), atrioventricular block in one (1.1%), and a combination of indications in 12 (12.8%). Indications for surgery for patients with late prosthetic infective endocarditis were: progressive heart failure with prosthesis dysfunction in 14 (77.8 %), infective endocarditis caused by Staphylococcus aureus in two (11.1%), and prosthetic valve dysfunction without heart failure in two (11.1%).
SURGICAL TREATMENT AND POSTOPERATIVE CARE
Surgery was indicated as an emergency because of clinical instability or haemodynamic impairment in 16 patients (12.2%). Elective surgery was performed in the remaining 115 patients, with a median delay between diagnosis and surgery of 12 days.
Five patients simultaneously underwent revascularisation surgery and in four a permanent pacemaker was implanted. Two patients with hypertrophic cardiomyopathy each underwent a Morrow's myectomy at the same time.
The median duration of postoperative antibiotic treatment was 22 days (range 0-1125 days). Fifty eight patients developed deterioration of serum creatinine concentrations postoperatively, requiring dialysis in 14 (10.7%).
OPERATIVE MORTALITY
Operative mortality was 30.5% (40 patients). The causes of death were cardiogenic shock in 14 patients, intraoperative death in seven, septic shock in five, prosthesis dysfunction in three, haemorrhage in three, multiorgan failure in two, cardiorespiratory arrest of unknown cause in two, arrhythmias in one, intestinal necrosis in one, and anoxic coma in one. Bivariate analysis showed significant associations with operative mortality for increased age (56 v 49 years), female sex (40% v 19%), shorter duration of symptoms before diagnosis (28 v 45 days), longer duration of cardiopulmonary bypass and longer duration of ischaemia at operation (112 v 82 minutes and 71 v 58 minutes, respectively), and the involvement of both left valves (37% v 18%). Emergency surgery (20% v 9%), advanced New York Heart Association (NYHA) functional class before operation (80% class III-IV and 17% in cardiogenic shock v 80% class III-IV and 8% in cardiogenic shock), and the presence of abscesses at the operation (37% v 23%) showed a non-significant trend towards increased operative mortality. Multivariate analysis showed significant associations only for increased age, shorter duration of symptoms before diagnosis, emergency surgery, and longer time of bypass at operation (table 3) . A large proportion of the patients in the sample population had one or more of these risk factors (for example, 18% were more than 65 years old, 25% were female, 24% had involvement of both left valves, 91% were in advanced NYHA functional class before operation, and 27% had abscesses at operation). The time when the operations were carried out (before or after 1985) was not associated with any significant diVerence in the clinical results.
FOLLOW UP Ninety one patients survived. All patients were prospectively followed up for a mean period of 5.4 (4.5) years (range 26 days to 18.9 years). Twelve patients died during follow up: five from cardiac causes (sudden death in three, heart failure in one, new infective endocarditis in one), five from non-cardiac cause (malignancy in two, stroke in one, respiratory failure in one, vascular disease in one), and in two patients the cause of death could not be determined. Actuarial survival at five and 10 years for all the patients, including operative mortality, was 60.1 (4.5)% and 58.1 (4.8)%, respectively (fig 1) . Actuarial survival at five and 10 years for patients surviving the surgery was 86.6 (4.0)% and 83.7 (4.8)%. Multivariate analysis showed significant diVerences between groups for the presence of chronic obstructive pulmonary disease and longer length of stay in the postoperative care unit. No diVerences in survival were detected between native and prosthetic infective endocarditis.
Thirteen patients developed prosthetic valve dysfunction, in four cases occurring in the early postoperative period (during admission): two were operated on (one survived the operation and the other died intraoperatively) and two died before the operation could be performed. The other nine patients developed prosthetic valve dysfunction during the follow up period, leading to valve replacement with a mechanical prosthesis in all but one. Eight had a periprosthetic leak and one presented with a prosthetic valve thrombosis which was surgically treated. None of these died at reoperation. Mean time until detection of the prosthesis dysfunction in the group of patients who were initially discharged was 2.2 (2.0) years (range 210 days to 5.6 years). Younger age, atrioventricular block, presence of abscesses, and early year of surgery were significant in bivariate analysis. Multivariate analysis showed significance for the presence of atrioventricular block and earlier period of surgery. Reinfection occurred in nine patients (6.9% of survivors). Four patients developed early infective endocarditis at 38, 63, 111, and 295 days, respectively. Three of these were considered to be recurrent infections, as the causal microorganisms were diVerent from those initially isolated. Pseudomonas species could be identified in both infections in the patient developing further clinical infective endocarditis at 63 days, and this case was thus considered a relapse. Eight patients were operated on. The patient with the relapse died before an operation could be performed. Actuarial survival free from reinfection in the patients surviving surgery at five and 10 years was 92.8 (2.8)% and 83.0 (7.0)%, respectively. No variables showed significance on bivariate or multivariate analysis.
Considering all types of events together, actuarial survival free from death, reinfection, or reoperation in the whole population at five and 10 years was 50.8 (4.5)% and 41.6 (5.4)% (fig 2) . If operative mortality is excluded, actuarial survival at five and 10 years was 73.2 (4.8)% and 59.8 (6.9)%, respectively.
Discussion
The best therapeutic algorithm for infective endocarditis is still debatable. 5-8 11-19 It is clear that broad spectrum antibiotic treatment must be given initially. Progression of the disease or the appearance of signs of heart failure despite adequate treatment makes a surgical approach mandatory. Thus surgery is often undertaken in the active phase of the disease. Likewise, when spread of the infection or disruption of the valve leaflets does not allow conservative management to continue, it is often necessary to perform a valve replacement. Nevertheless, optimal results are not achieved. 1 3 5 6 17 20-23 Some reports have suggested that the use of a homograft allows better short and medium term results. 17 18 22 24-29 It therefore seems very important to show whether the use of homografts, which is diYcult and requires highly specialised equipment, could improve the results obtained with mechanical prostheses, especially as a randomised study comparing the two approaches is hardly feasible.
We present here our experience over 22 years in the management of infective endocarditis, limited to the patients who underwent valve replacement with a mechanical prosthesis during the active phase of the disease. All the patients treated for infective endocarditis were considered for inclusion in the series. Most were primary diagnoses in our institution and the rest were referred to us in our role as a tertiary referral centre. The sample is therefore probably not representative of the population as a whole, as the patients referred from other centres represent a more severely aVected subgroup at increased risk. With respect to the study design and aims, this bias is likely to assume less importance when evaluating long term postoperative results. Our centre's cardiology and infectious diseases departments jointly managed all the patients. In addition, indications for surgery were strictly based on clinical guidelines approved in our institution. This enhanced our ability to interpret the results. The medical staV policy was not to reject any patient for surgery because of age, coexisting disease, or a compromised clinical or haemodynamic situation. We therefore believe that all patients suffering from infective endocarditis-and hence all potential candidates for surgery-were included in the study. This explains the relatively high operative mortality in our series. However, it is diYcult to compare our results with those of other studies in which the population characteristics are not clearly stated. We cannot exclude the possibility that in some published reports the selection of patients in better condition before surgical intervention resulted in a lower rate of complications and as a result in better short and medium term results.
As previously stated, our operative mortality was high. However, patients operated on in these circumstances have severe disease, with a high prevalence of factors associated with surgical death in bivariate and multivariate analysis and a global mortality as high as 20% even in the absence of surgery. Risk factor analysis for operative mortality has shown results comparable to those of other studies, particularly in unselected populations. 3 21 One could speculate that the use of homografts might have reduced our operative mortality, by lessening early postoperative valve dysfunction and avoiding some intraoperative deaths. We cannot definitely exclude this hypothesis, although the limitations of studies with homografts are discussed below. In addition, the aim of our study was not to demonstrate the superiority or otherwise of mechanical valves, but to show the results of using these devices, which are more widely available than homografts in all institutions. It must be admitted that our mortality rates have not been reduced in recent years with improvements in surgical techniques and postoperative care. This may reflect the importance of the baseline characteristics of the population. Our group has in fact addressed the issue of the persistence of a high mortality in infective endocarditis in relation to changes in the population, the microorganisms involved, and the clinical features of the disease over the years. 30 All our patients were prospectively followed up in the outpatient clinic after discharge, and were mainly managed by the same medical team. This enhances the accuracy of the prospectively collected data.
In patients surviving surgery, late mortality-as shown in fig 1- was good (16% at 10 years). The rate of reinfection or dysfunction in the short and long term compares quite well with that of previously reported studies. 3 21 22 31 However, with a reoperation rate of 20% in the survivors, the management of the condition remains far from optimal. Many investigators support the use of homografts for reducing complication rates. 17 18 22 24-26 28 Although there are studies claiming that homografts reduce the likelihood of reinfection, the global reoperation rate with homografts is similar to that with mechanical prostheses, 22 32 and one report showed no clear superiority for homografts. 33 Most of these series have included only small numbers of patients with a short follow up. Selection bias in these series also cannot be excluded, particularly in series that include both patients receiving mechanical prostheses and patients receiving homografts. In practice, the methodological limitations and the heterogeneity of available reports make it impossible to demonstrate the long term superiority of any one type of valve substitute over the others.
These limitations of studies using homografts are common to most reported series on the surgical treatment of infective endocarditis, which are mainly based on the retrospective analysis of the surgical experience of diVerent groups. 5 The number of patients studied is variable and often small. These studies are usually not randomised and cover long periods of time. Several of them include patients suVering from active infective endocarditis and patients who were operated on when the infection was cured. For these various reasons, observed diVerences in the results may be attributable not only to the device implanted but also to diVerences in patient selection, surgical technique, preoperative management, and postoperative care. These variables make data analysis and intergroup comparisons extremely diYcult.
CONCLUSIONS
We believe our long term results are reasonably satisfactory and reflect the current management of infective endocarditis. The short term results can also be considered acceptable, as the high operative mortality appears to be associated with our particularly high risk population and is to be expected with the use of other types of device for heart valve replacement.
Taking into account the advantages of using mechanical prostheses because of their widespread availability, and the limitations of existing studies on other valve devices, we support the general use of mechanical prostheses for treating active infective endocarditis when valve repair is not possible. If homografts are available they should be used in circumstances where there is severe disruption of anatomical structures or technical problems in implanting mechanical devices. Our data should prove
